Abstract
T represents a novel species of the genus Halomonas. The name Halomonas aestuarii sp. nov. is proposed for this novel species. The type strain is Hb3 T (=KCTC 52253 T =JCM 31415 T ).
The genus Halomonas was originally proposed by Vreeland et al. [1] . It belongs to the family Halomonodaceae, order Oceanospirillales, class Gammaproteobacteria, within the phylum Proteobacteria. At the time of writing, the genus Halomonas comprised 91 validly named species (www.bacterio.net/index.html). Numerous species from the genus Halomonas have been isolated from saline environments, such as solar saltern [2] [3] [4] , soda lake [5, 6] , fermented seafood [7, 8] , saline lake [9] [10] [11] [12] , saline soil [13, 14] , salinealkali soil [15] [16] [17] and deep-sea hydrothermal vents [18] . Additionally, several species of Halomonas have distinct characteristics, such as exopolysaccharide production [19] [20] [21] [22] , denitrification [23] [24] [25] , degradation of aromatic compounds [26] and heavy metal tolerance [27] .
Strain Hb3
T was isolated from a tidal flat from Jeollabuk-do Gunsan, Republic of Korea (salinity 2-3 % and pH 7.8-8.0;
36
0¢ N 126 43¢ E). The tidal flat sample was collected in a sterile conical tube, serially diluted and plated on marine 2216 agar (MA; Difco) with salinity adjusted to 15 % (w/v) NaCl (HSMA, high salinity marine agar) and incubated at 30 C for 7 days under aerobic conditions. A small single colony was transferred to a new HSMA or MA plate and finally designated Hb3
T . The isolate was cultured routinely on HSMA or MA plates at 30 C and preserved as a suspension culture in high salinity marine broth (HSMB) with glycerol (30 %, v/v) at À80 C.
For phylogenetic analysis, genomic DNA of strain Hb3
T was extracted using a commercial genomic DNA extraction kit (Geneall). The 16S rRNA gene was amplified from chromosomal DNA using the universal bacterial primer set 27F (5¢-AGAGTTTGATCMTGGCTCAG-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢) [28, 29] following cycling conditions were used: 95 C for 7 min; followed by 35 cycles of 95 C for 0.5 min, 55 C for 0.5 min and 72 C for 1.5 min; and a final extension of 72 C for 7 min. The PCR product was purified using a PCR purification kit (Cosmo Genetech) and sequenced by Macrogen. The 16S rRNA gene sequence of strain Hb3
T , as determined in this study, comprised 1428 bases. The full sequence of the gene was compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database (www.ncbi.nlm.nih.gov/) and from the EzTaxon server (www.ezbiocloud.net/; [30] ). The sequences were edited using the BioEdit program [31] and aligned using CLUSTAL X [32] . Evolutionary distances between the sequences were calculated using the Kimura two-parameter model [33] . Phylogenetic trees were reconstructed by the neighbour-joining [34] , maximum-parsimony [35] and maximum-likelihood [36] methods in MEGA7 [37] . The resultant tree topologies were evaluated by bootstrap analyses (1000 replications) [38] . The 16S rRNA gene sequence analysis indicated that strain Hb3
T clustered within the genus Halomonas (Fig. 1) rpoD, gyrB and secA, were sequenced and analysed. The genes were amplified using primers and PCR protocols described by de la Haba et al. [39] . Each PCR product was purified and sequenced as described above. [40] [41] [42] .
Genomic DNA extracted for 16S rRNA gene amplifications was also used to determine the DNA G+C content. To remove RNA, the DNA samples were incubated with a mixture of RNases A and T1 (20 U ml À1 each) at 30 C for 1 h. The genomic G+C content of strain Hb3
T was determined using the method of Gonzalez and Saiz-Jimenez [43] to be 67.9 mol%, and fell within the range of values for recognized species of the genus Halomonas (Table 1) .
Halomonas cerina SP4 T (EF613112)
Halomonas ramblicola RS-16 T (GU726750)
Halomonas daqiaonensis YCSA28 T (FJ984862)
Halomonas fontilapidosi 5CR T (EU541349)
Halomonas alimentaria YKJ-16 T (AF211860)
Halomonas shengliensis SL014B-85 T (EF121853)
Halomonas ventosae Al12 T (AY268080)
Halomonas aestuarii Hb3 T (KX090359)
Halomonas denitrificans M29 T (AM229317)
Halomonas saccharevitans AJ275 T (EF144149)
Halomonas nitroreducens 11S T (EF613113)
Halomonas stenophila N12 T (HM242216)
Halomonas beimenensis NTU-107 T (EU159469)
Halomonas koreensis SS20 T (AY382579)
Halomonas organivorans G-16.1 T (AJ616910)
Halomonas salina F8-11 T (AJ295145)
Halomonas smyrnensis AAD6 T (AJKS02000002)
Halomonas halmophila . All strains are Gram-stain-negative and oxidase-and catalase-positive, motile, with Q-9 as the predominant quinone. All strains are positive for alkaline phosphatase, a-chymotrypsin and aglucosidase, and contained capric acid, glycerol, glycyl L-proline, L-alanine, L-arginine, L-aspartic acid, L-glutamic acid, L-serine, L-lactic acid, L-malic acid, propionic acid and acetic acid. They lack esterase lipase (C8), crystine arylamidase, b-glucosidase, potassium gluconate, quinic acid, formic acid, trisodium citrate, gelatin, glucuronamide, gentiobiose, stachyose, 3- 
Assimilation of: T and H. saccharevitans AJ275 T were grown on MA medium at 30 C for 3 days. Fatty acid methyl ester mixtures were prepared according to a protocol published for the Sherlock Microbial Identification System (MIDI), and the profiles were determined according to the MIDI/Hewlett Packard Microbial Identification System using GC (6890N and 7683 autosampler; Agilent Technologies), according to the manufacturer's instructions [45] . Polar lipids were extracted from freeze-dried cells (100 mg) and analysed as described by Komagata and Suzuki [46] .
The fatty acid profiles of strain Hb3
T , H. ventosae Al12 T , H. denitrificans M29
T and H. saccharevitans AJ275 T are shown in Table 2 . The major fatty acids in strain Hb3
T were C 18 : 1 !7c (35.5 %), summed feature 3 (19.2 %), C 16 : 0 (18.2 %) and C 19 : 0 cyclo !8c (12.2 %). Summed feature 3 comprised C 16 : 1 !6c and/or C 16 : 1 !7c. The fatty acid profiles of the selected reference strains of the genus Halomonas were consistent with this major fatty acid profile. The only difference between the profiles was that C 12 : 0 was present only in strain Hb3
T . Diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, amino lipid, six unidentified phospholipids and an unidentified lipid comprised the polar lipid profile of strain Hb3 T (Fig. S2 ). The analysis of fatty acid and polar lipid profiles supported the conclusion that strain Hb3
T represented a species distinct from recognized species of the genus Halomonas.
The quinones were extracted with a chloroform/methanol mixture (2 : 1, v/v), evaporated under vacuum, and reextracted three times with n-hexane/water (1 : 1, v/v). The crude n-hexane quinone extract was then concentrated and applied to a Sep-Pak Plus silica column (Waters). Quinone components were separated and identified by reversedphase HPLC and photodiode array detection with internal and external quinone standards, as described by Hiraishi et al. [47] . The major ubiquinone of strain Hb3
T was Q-9.
Gram staining was performed using BD Gram staining kits, according to the manufacturer's instructions. Cell motility was determined using semi-solid MA medium (0.5 %, w/v, agar). Cell morphology was assessed by transmission electron microscopy (Technai G2 Sprite twin; FEI) in the Korean Basic Science Institute after negative staining with 1 % (w/v) phosphotungstic acid. Ultrathin sections generated with an UltraCut E (Leica) ultramicrotome were stained with uranyl acetate and lead citrate and examined under a Technai G2 Sprite twin electron microscope. Anaerobic growth was tested using the BD GasPak EZ Anaerobe Container System over a period of 2 weeks. Catalase and oxidase activity tests were conducted using 3 % (v/v) H 2 O 2 and 1 % (w/v) tetramethyl-p-phenylenediamine (Merck), respectively [48] . Growth at 5-50 C, at 5 C intervals, and at pH 5.0-10.0, at 0.5 pH unit intervals (pH was adjusted with 1 M NaOH and HCl), was assessed on MA plates and in MB after 2 weeks. For the pH experiments, four buffers were used: 10 mM Homo-PIPES (pH 4.5-5.0), 10 mM MES (pH 5.0-6.5), 10 mM Bis-Tris propane (pH 7.0-8.5) and 10 mM CAPS (pH 9.0-10.0) [49] . Growth in the presence of 0-25 % (w/v) NaCl (1 % concentration increments) was determined as described by Park et al. [50] after 2 weeks at 30 C. The methyl red/Voges-Proskauer (MR/VP) test was determined according to Atlas [51] . Carbon source utilization and enzyme activities were tested using the API 20NE, API ZYM (bioM erieux) and GEN III Microplate (Biolog) systems, according to the manufacturers' instructions. Antimicrobial susceptibilities were determined by the method of Gutierrez et al. [52] on MA plates with antimicrobial compound discs for 1 week at 30 C.
Cells of strain Hb3 T were aerobic, Gram-stain-negative, motile, and oxidase-and catalase-positive. Cells were rodshaped and contained poly-b-hydroxyalkanoate granules T are summarized in the species description, and a comparison of the selective characteristics of strain Hb3
T and related type strains is given in Table 1 . Cells were sensitive to clindamycin (2 mg), gentamicin (10 mg) and oxacillin (1 mg) but resistant to streptomycin (10 mg), penicillin G (10 IU), tetracycline (10 mg), gentamicin (10 mg), ampicillin (10 mg), On the basis of its morphological, physiological and chemotaxonomic properties, phylogenetic analysis of the 16S rRNA, rpoD, gyrB and secA genes, and DNA-DNA relatedness values (<55 %), strain Hb3 T belongs to the genus Halomonas and represents a novel species, for which the name Halomonas aestuarii sp. nov. is proposed. 
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